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ABSTRACT 


This  investigation  was  conducted  to  determine  the 
effects  of  lignosol^^  on  the  engi  neering  properties  of  a 
test  soil,  with  special  reference  to  frost  heaving*  The 
program  included  laboratory  tests  to  determines 

la  The  effect  of  the  admixture  on  the  frost 
heaving  properties  of  the  soil. 

2*  Whether  its  use  as  a  frost  deterring  agent 
impairs  the  other  properties  which  determine 
the  soils  usefulness  in  highway  and  airport 
construction. 

It  is  conduct ed ,  as  a  result  of  this  investigation 
that  the  lignosol  has  a  marked  effect  in  reducing  frost 
heave  in  this  soil  without  impairing  its  other  engineering 
properties , 


A  waste  product  of  the  pulp  and  paper  industry, 
containing  s  igars  and  other  organic  matter*  See 
page  9. 
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INTRODUCTION 

Frost  heaving  has  always  been  a  serious  pro¬ 
blem  for  highway  and  airport  engineers,  but,  the  present 
extensive  development  of  the  North  has  magnified  this 
problem  greatly.  This  development  has  made  it  more 
important  than  ever  that  there  be  a  thorough  understand¬ 
ing  of  frost  action,  and,  that  new  and  better  methods  for 
prevention  of  frost  damage  be  developed. 

In  the  past,  some  of  the  damage  has  been  pre¬ 
vented  by  one  or  more  of  the  following  general  methods :« 

(a)  Replacement  of  detrimental  subgrade  with 
good  material® 

(b ) Drainage  of  subgrade  and  underlying  soil® 

(c)  Treatment  of  existing  subgrade  soil* 

(d)  Stabilized  soil  base  construction. 

These  methods  have  generally  proven  unsatisfactory, 
either  because  of  almost  prohibitive  expense,  construction 
difficulties,  or  the  transitory  nature  of  the  treatment. 

The  purpose  of  this  investigation  was  to  deter¬ 
mine  t  he  effects  of  lignosol  when  used  as  an  admixture  in 
soil,  with  special  reference  to :  - 

(a)  Its  effectiveness  in  reducing  frost  heaving® 

(b)  The  relation  of  amount  of  admixture  to  per¬ 
centage  heave® 

(c)  Its  effect  on  the  other  engineering  properties 


of  t  he  soil 


- 

,  •  '  T -7  ic"  ?s 

TOlorafc  vvlf;  •  -• 

'  fc  i  "  V  -  .  •  X  ■;  ,  •  ;  T.  >  :>  *V •-  n  j.  qc 

;  <  j  ■  ■  *  c  ,  ... :•  ,  o 

- 

*  1\  i  -  J  >{.  r  -u 

•r  t  V 

• f 

r  . 1 '  i  JO  \\£ X i  r  •  : 

-  !r>l  :  r.r-  ,  -  e? 

. 


3 


A  complete  description  of  apparatus,  test  pro 
cedure,  results  and  conclusions  is  presented. 
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III 

HISTORY  OF  FR QST  ACTION  INVESTIGATIONS 


Scientific  study  of  the  true  physical  processes 
of  frost  action  in  soils  began  about  thirty  years  ago*  Pre¬ 
viously,  it  was  believed  that  frost  heaving  was  s  imply 
due  to  the  freezing  of  the  water  initially  present  in  the 
soil* 


Dr*  Stephen  Taber^15^,  one  of  the  chief  investigators 
in  this  field,  carried  out  extensive  research  which  proved 
that  the  above  explanation  was  not  sufficient «  Frost  heaves 
up  to  sixty -five  percent  of  the  original  volume  of  soil  had 
been  recorded,  which  showed  that  some  other  explanation  of 
this  phenomenon  was  necessary*  Taber  summarizes  his  hypothes 
as  follows: 

”Frost  heaving  is  due  to  the  growth  of  ice 
crystals  and  not  to  change  in  volume*  Pressure  is  developed 
in  the  direction  of  crystal  growth  which  is  usually  deter** 
mined  chiefly  by  the  direction  of  cooling*  Excessive  heav¬ 
ing  results  when  water  is  pulled  up  through  the  soil  to 
build  up  layers  or  lenticular  masses  of  segregated  ice, 
which  grow  in  thickness  because  water  molecules  are  pulled 
into  the  thin  film  that  separates  the  growing  columnar  ic© 
crystals  from  the  underlying  soil  particles.” 


(12) 


Mull  is  v  ^ '  and  Benkelman  and  Olmsfcead^  have 
suggested  an  alternate  theory  by  which  they  attempt  to  ex- 


(15)  Numbers  refer  to  bibliography* 
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plain  the  formation  and  growth  of  ice  lenses.  This  theory, 
although  possibly  applicable  in  a  few  cases,  is  not  generally 
accepted. 

A.  Gasagrande  has  stated'*"  that: 

"Under  natural  freezing  conditions  and  with  suffix 
cient  water  supply,  one  should  expect  considerable  ice 
segregation  in  non-uniform  soils  containing  more  than  three 
percent  of  grains  smaller  than  0,02  mm.,  and  in  very  uni** 
form  soils  c ant aining  more  than  ten  percent  smaller  than 
0.02  mm.  No  ice  segregation  has  been  observed  in  soils 
containing  less  than  one  percent  of  grains  smaller  than 
0*02  mm.,  even  if  t  he  ground  water  level  was  as  high  as  the 
frost  line. ?l 

This  eliminates  the  possibility  of  heaving  in 
clean  sands  and  gravels,  because  capillary  movement  of  water* 
through  these  soils  is  impossible.  Clays,  although  capable 
of  capillary  action,  are  not  permeable  enough  to  allow 
sufficient  passage  of  water  for  the  formation  of  ice  lenses. 
Thus,  it  is  found  that  most  damaging  frost  heave  occurs  in 
silty  soils.  Taber,  Beskov^ and  others  have  verified  this, 
s  tatement  * 

Win  n  and  Rutledge^  summarize  the  generally 
accepted  conclusions  of  former  investigators  as  follows: 

1.  Destructive  frost  heaving  is  almost  invar¬ 
iably  associated  with  the  formation  of  segregated  ice, 

2*  The  total  amount  of  frost  heaving  is  very  closely 
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equal  to  the  sum  of  the  thicknesses  of  all  layers  of 
segregated  ice  in  the  frozen  soil* 

3*  The  total  amount  of  fro3t  heaving  is  indirect 
proportion  to  the  increase  in  total  water  content  of  the 
frozen  soil. 

4.  The  soil  must  have  a  water  content  at  least 
equal  to  a  state  of  capillary  sat uration  f or  ice  segrega¬ 
tion  to  take  place. 

5*  A  supply  of  water  must  be  aval  lable  for  the 
growth  of  ice  crystals,  either  from  some  portion  of  the  soil 
itself  or  from  some  external  source,  e.g.,  ground  water 
table. 

6»  For  normal  field  conditions  of  temperature, 
a  certain  minimum  percentage  of  grains  smaller  than  0*02 
mm.  is  necessary  for  ice  segregation  in  soil. 

7#  One  slow,  gradual  decrease  in  t  emper atur e 
well  into  the  freezing  range  is  necessary  and  sufficient 
to  cause  ice  segregation  and  frost  heaving.  Subsequent 
thawing  and  refreezing  may  increase  the  severity  of  the 
frost  heaving  but  will  not  change  the  basic  action. 

8«  A  cumulative  curve  of  degree-hours  of  freez¬ 
ing  plotted  against  time  is  a  qualitative  measure  of  the 
increase  of  frost  heaving  with  time* 

9*  The  following  factors  are  all  necessary  for 
ice  segregation  and  frost  heaving.  If  any  one  of  these 
factors  is  not  present,  frost  heaving  will  not  occur: 
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(a)  Capillary  saturation  of  the  soil  at  the  be¬ 
ginning  of,  or  during,  the  freezing  process. 

(b)  A  free  supply  of  water  from  within  or  with¬ 
out  the  soil* 

(c)  A  minimum  percentage  (3  to  10  per  cent)  of 
grains  smaller  than  0*02  mm* 

(d)  A  gradual  decrease  in  temperature  of  the  air 
above  the  soil  to  below  freezing  temperatures 

Hogentogler  states  that  ttthe  water  furnishing 

ability  of  a  soil  is  the  most  important  single  factor  in 
the  formation  of  ice  lenses. 11 

It  is  necessary,  then,  if  frost  heaving  is  to  be 
prevented,  to  alter  cr  eliminate  one  or  more  of  the  factors 
listed  under  9,  above.  From  a  practical  standpoint,  pre¬ 
ventative  measures  which  have  been  developed  to  date,  princi 
pally  by  highway  engineers,  include:  - 

1*  Elimination  of  water  supply*  This  may  b© 
accomplished  by:- 

(a)  Lowering  ground  water  elevation  by  ditches 
or  drains*  This  method  is  not  applicable 
to  fine  grained  soils. 

(b)  Isolating  soil  susceptible  to  frost  action 
by  a  blanket  of  material  placed  near  the 
frost  line,  to  interrupt  capillary  travel 
of  water.  Such  blankets  may  include  sand, 
gravel,  cinders,  or  water-tight  bituminous 
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layers*  It  is  impossible,  of  course,  to 
isolate  soil  by  this  method  if  the  ground 
water  level  lies  above  the  frost  line* 

(c)  Prevention  of  capillary  travel  of  water  by 
admixtures . 

2*  Complete  removal  of  soil  susceptible  to 
frost  action  and  replacement  by  a  non -susceptible  material* 
This  is  generally  an  expansive  procedure* 

3*  Prevention  of  freezing  in  the  soil  by:- 

(a)  Application  of  an  insulating  layer  to  pre¬ 
vent  the  formation  of  a  frost  line  where  it 
would  induce  heaving# 

(b)  Lowering  the  freezing  point  by  the  use  of 
admixtures  • 

The  Engineering  Experiment  Station  of  Purdue 

University  began  in  1938,  an  extensive  investigation  of 

( 18) 

frost  action  in  soils  treated  with  admixtures'  *  The 
admixtures  investigated  include  sodium  chloride,  calcium 
chloride,  calcium  oxide , port land  cement,  tar,  emulsified 
asphalt,  cut-back  asphalt,  road  oil  and  vinsol,  a  by¬ 
product  of  turpentine  d is tillat ion*  None  of  these  admix¬ 
tures  were  found  to  be  completely  satisfactory  in  deterring 
damaging  frost  action  although  under  certain  special  con¬ 
ditions,  some  were  effective* 
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PROCEDURE 


MATERIALS 

For  the  purposes  of  this  test,  a  soil  was  re¬ 
quired  that  was  fairly  permeable  and  had  the  desired  grain 
size  so  that  frost  lenses  could  easily  be  formed,, 

A  suitable  soil  was  found  at  the  Barrier  Site 
of  the  Calgary  Power  Company,  This  sit©  is  located  on  the 
N.E.  1/4  of  Sec*  9,  Tp*  24,  R*  8,  W,  5,  approximately 
seven  miles  up  the  Kananaskis  River  from  See  be  *  The  soil 
is  a  fine  grained  uniform  grey  silt --a  glacial  lake  deposit* 
Examination  under  a  petrographic  microscope  showed  that  it 
consisted  mainly  of  small  uniform  quartz  grains  with  limey 
interstitial  material*  A  few  heavy  minera  Is  y  probably 
magnetite  and  zircon  were  present* 

A  soil  sample  of  about  four  hundred  pounds  was 
obtained*  It  was  uniform  throughout  and  after  a  thorough 
mixing  and  drying,  it  was  stored  until  required. 

The  lig nosol  used  is  a  waste  product  of  the 
pulp  and  paper  industry*  It  is  often  referred  to  as  sul¬ 
phite  liquor*  It  had  been  refined  to  reduce  the  moisture 
content —an  analysis  showed  it  to  contain  approximately 
50  per  cent  water,  15  per  cent  sugars,  30  per  cent  other 
organic  material  and  traces  of  lime  and  calcium  monosulphite* 
In  appearance  It  resembles  molasses.  It  is  a  dark  viscous 
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liquid,  smooth  and  sticky  in  texture.  It  id  completely 
soluble  in  water,  and  is  therefore  easily  applied  in  any 
strength  as  a  solution  to  the  soil  particles. 

REFRIGERATION  APPARATUS  AD  ARRANGEMENT 

The  refrigerating  equipment  used  for  this  work 
consists  of  one  built-in  refrigeration  room  of  rang©  -30° 
to  “r10°  C .  In  this  room  there  was  available  a  well  insulated 
cabinet.  Ey  utilizing  this  cabinet  the  experiment  was  set 
up  in  such  a  way  that  the  top  of  the  soil  specimens  could 

be  subjected  to  an  air  t  emperatur  e  below  freezing  and  the 

p 

bottom  of  the  samAl@  would  be  in  contact  with  a  supply  of 
water  at  all  times.  This  is  illustrated  in  Figure  1. 

The  water  In  the  cabinet  was  kept  from  freezing  by 
a  rheostatically  controlled  heating  coil.  The  soil  samples 
were  made  up  in  lucite  cylinders  2\  inches  in  diameter  by 
6  inches  long.  These  were  placed  in  two  rows  of  three  in 
the  box  and  the  surrounding  space  filled  with  a  mineral 
Insulating  materials 
FROST  SAMPLES  AND  TESTS 

It  has  been  fbund  by  other  investigators  that  the 
following  factors  affect  the  amount  of  heaving  in  soils 
susceptible  to  the  formation  of  ice  lenses. 

1»  Temperatures  at  t  be  top  and  bottom  of  the  soil 
s  amp  le » 

2*  Duration  of  constant  temperature  conditions. 

3.  Initial  density. 
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4*  Initial  degree  of  saturation. 

There  were  two  sets  of  freezing  tests  run*  Each 
set  was  comprised  of  six  samples  of  soil,  varying  In  the 
amount  of  admixture  from  0  to  ten  per  cent ^  ^  .  Thus  the 
temperature  conditions  and  duration  of  test  were  eliminated 
as  variables  for  all  the  samples  in  the  same  set.  They 
varied,  however,  from  one  s  et  t  o  another,  because  of  the 
lack  of  adequate  temperature  control. 

The  next  step  was  to  eliminate  variation  in  initial 
density  of  the  samples,  and,  if  possible,  variation  in 
initial  d  egree  of  saturation, 

A  convenient  size  of  sample  was  found  to  be  six 
inches  in  height  and  two  and  one-quarter  inches  in  diameter® 
Because  of  the  distinct  advantages  of  having  the  soil  samples 
encased  in  an  open  tube  while  the  freezing  tests  were  being 
conducted,  it  was  desirable  to  compact  the  soil  directly  in 
the  lucite  cylinders  as  shown  in  Figure  1®  The  following 
procedure  was  then  observed • 

1.  A  standard  Proctor  density  test  was  run  on  the 
silt  and  the  results  plotted  as  shorn  in  Figure  2, 
The  standard  optimum  was  determined  to  be  110  lbs  * 
per  cu,  ft,  at  a  moisture  content  of  14.5  per  cent. 


(1)  Admixture  %  -  Wt,  of  Sulphite  Liquor 

Wt.  of  Dry  SoiT 

Moisture  Content  %  =  Wt •  of  Water 

Wt.  of  Dry  Soil 


(2) 


(2) 
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2.  A  series  of  silt  samples  at  14.5  per  cent 
moisture  were  compacted  in  the  lucite  cylinders 
with  varying  numbers  of  blows  per  layer.  A 
54  lb*  rammer,  with  a  2  inch  face  was  used,  with 
a  drop  varying  from  184  inches  for  the  bottom 
layer,  to  14  inches  for  the  top  layer*  The  soil 
was  compacted  in  four  equal  layers*  A  plot  of 
the  results  is  shown  in  Figure  3*  Fifteen  blows 
produced  a  density  of  110  lbs*  per  cu.  ft* 

3*  Moisture  density  curves  were  determined  for 
samples  with  admixtures  of  0,  2,  4  and  10  per 
cent  lignosol*  The  procedure  used  was  the  same 
as  under  (2)  above,  except  that  the  number  of 
blows  was  kept  constant  at  fifteen  and  the  mois~ 
ture  content  was  varied.  These  results  are  shown 
in  Figure  2. 

4*  Six  samples  were  then  compacted  in  the  lucite 
cylinders  with  15  blows  per  layer.  The  moisture 
content  was  varied  according  to  the  demands  of 
the  moisture-density  curves  as  shown  in  Figure  2, 
so  that  almost  uniform  density  of  110  lbs.  per 
cuo  ft.  was  obtained.  The  six  samples  contained 
0,  1,  2,  4,  7  and  10  per  cent  of  lignosol  respect¬ 
ively. 

It  is  to  be  noted  that  the  above  procedure 
made  constant  t  he  third  possible  variable  condition 
discussed  on  pages  10  and  11.  This  means  that  the 
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only  variable  among  the  samples  of  one  set,  aside 
from  the  amount  of  admixture,  was  the  initial  de¬ 
gree  of  saturation.  It  was  assumed  that  this  would 
be  quickly  remedied  by  capillary  action,  as  soon 
as  the  samples  were  subjected  to  water  at  their 
bottom  surfaces. 

5,  The  samples  were  then  placed  In  the  prepared 
box,  insulation  was  placed  around  them  flush 
with  their  surface,  and  the  whole  box  was  placed 
in  the  Insulated  cabinet  in  the  frost  room,  ©s 
shown  in  Figure  1,  and  Figure  4. 

6, #  Freezing  temperatures  at  the  top  of  the  samples 
and  a  source  of  water  at  the  bottom  were  maintained 
as  described  previously.  The  test  lasted  25  days, 
the  freezing  temperature  being  lowered  about  once 

a  week,  depending  upon  the  amount  of  heaving  that 
had  taken  place. 

7,  Heave  was  measured  with  a  steel  rule,  grad¬ 
uated  in  hundredths  of  an  inch.  Mercury  ther¬ 
mometers  in  the  frost  room  and  water  were  used  to 
measure  temperature. 

8,  All  data  was  recorded  ©s  shown  on  enclosed 
data  sheets. 

9,  A  second  set  of  tests  was  run  as  outlined 
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OTHER  TESTS 

The  following  tests  were  performed  on  the  material 
noted  according  to  the  methods  outlined  by  'Notes  on  Soil 
Testing  for  Engineering  Purposes*  ,  by  A.  Casagrarde  and 
R.  E.  Fadum,  1S40,  with  the  noted  exceptions. 

1.  Grain  Size  Distribution  (Hydrometer  Method) 

-  silt.  Time  of  mixing  -  5  minutes.  Dispersing  agent  -  calgon. 

2.  Specific  Gravity  Determination  -  silt. 

3.  Atterberg  Limit  Tests. 

a.  -  silt. 

b.  -  si  It  plus  10%  lignosol. 

4.  Consolidation  Tests  -  including  permeability 

ana  lyses. 

a .  -  silt . 

b.  «  silt  plus  10$  lignosol, 

5*  Triaxial  Compression  Tests. 

a.  -  si It . 

b. 


-  silt  plus  4%  lignosol. 
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DATA 


The  data  is  presented  in  the  following  order 

(A)  Grain  size  determination, 

(B)  Specific  Gravity  determination, 

(C)  Density  tests. 

(D)  Freezing  tests. 

(E)  Atterberg  limits  tests. 

(F }  Consolidation  tests, 

(G)  Shear  tests  (Triaxial). 
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HYDROMETER  ANALYSIS 


Sample  ~  Barrier  Silt 


M eth  oa  -  Harv  ar  d 


(Mixed  5  min;  with  100  drops  of  Galgon) 


Moisture  Content 


I’are 

Tare  +  Wet  Soil 
Tare  +  Dry  Soil 
Moisture 

%  Moisture  =  0.518  x  ICO 
18,0442 


Sample 


20.0605  gms. 
38 • 1365  gms « 
38  •  1047  gms  * 
*0318  gms# 
0.18  % 


Tare 

Tare  +  Wet  Soil 
Wet  Soil 


131*18  gms* 
196# 18  gms* 

65.00  gms* 


Dry  Soil 

s  99.82  x  65 
100 

,00 

64.8 

gms. 

Date  Temp. 

Time  Elapsed 

iime  Time 

I 

R  *  ! 

H  Pk 

Rh= 

+  Cm 

D 

in  MM. 

Ru-hju. 

-V 

w# 

Dec. 6  24.8° 

9.03i 

i 1 

33.0 

33.3 

0.055 

33*9 

82.7 

6  24,8 

'9.04 

1 

28.0 

28,3 

0.043 

28*9 

69*0 

6  24.8 

9.05 

2 

23.8 

24*1 

0.033 

24.7 

60*3 

6  24*8 

9.08 

5 

15®  4 

15.7 

0.023 

16.3 

39.8 

6  24*8 

9*18 

15 

9.0 

9.3 

0.014 

9.6 

23.2 

6  24*8 

9.33 

30 

7.0 

7.3 

0*0105 

7.9 

19.4 

6  24,9 

10*03  a ,m 

60 

6,0 

6.3 

0.0074 

6.9 

16.8 

6  25*2 

11.03 

120 

5.1 

5.4 

0.0053 

6.0 

14*6 

6  25.9 

1*51  p.m 

288 

4.2 

4.5 

0.0034 

5.3 

12.9 

6  27.2 

5.05 

482 

3*3 

3*6 

0.0026 

4.7 

11*5 

7  25.2 

8*45  a.m 

24 

h 

3*0 

3*3 

0.00155 

3.6 

8*8 

9 | 25.2 

9.45 

73 

h 

2.9 

3*2 

0*00090 

3.5 

8*5 

1 

Large  Bulb 

Hydrometer 

7  27  .2 

8.45 

24 

h 

!  ; 

3.0 

3.3 

0.0011 

4.2 

10*2 

9  25.2 

9.45 

73 

h 

2*9 

3.2 

0.00063 

3*5 

8*5 

- 

**  b " 
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SPECIFIC  GRAVITY  TESTS 


Nov.  8 


Sample  ~  Barrier  Silt 
Procedure  -  as  in  Harvard  Manual. 

Tare  84 #15  gms. 

Tare  +  Soil  164*43  gms* 


Soil  80*28  gms  » 

Wfcg  705*35  gms* 

From  Calibration  Curve  W^w  654*30  gms. 

Temperature  23.6°  C. 

Therefore  « 

Specific  Gravity  80 * 28 


80.28  +  654.30  -  705*35 
2.74 


Check  Test 

Tare  +  Soil 
Tare 

Soil 
W 


bs 

From  Calibration  Curve  W 
Temperature 
Specific  Gravity 


bw 


169*96  gms. 
84*16  gms. 

85.80  gms* 
708*77  gms# 
654*28  gms* 
23.9  °c 
85*80 


85*80  +  654*28  ~  708.77 


1946 


2.74 
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MOISTURE  -  DENSITY  TEST  NO.  1A 
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MOISTURE  -  DENSITY  TEST  #2 

Material  -  Barrier  Silt  +  2%  Liquor  Date  Tested  -  October  11th,  1946 
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Method  of  Compaction  15  blows  -  4  layers  -  small  cylinder  with  5.5  lb.  rammer 
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Method  of  Compaction  15  blows  -  4  layers  -  small  cylinder  with  5.5  lb*  rammer 


QJ 

Oi 

i%H  1 

^  * 

«+ 

H 

|R 

CO 

• 

-3 

fC 

r> 


• 

• 

• 

• 

♦ 

* 

« 

» 

r 

V  ”  ; 

i  ■ 

l~j 

• 

• 

• 

* 

* 

* 

r: 

♦  ■ 


'  I 


MOISTURE  -  DENSITY  TEST  #4 

Material  -  Barrier  Silt  +  10$>  Liquor  Date  Tested  -  October  13th,  1946 


26 


LO 

85 

CD 

00 

rH 

CD 

ID 

02 

00 

rH 

00 

rH 

. 

• 

# 

* 

• 

• 

• 

ft 

• 

CO 

to 

«D 

o 

rH 

to 

CD 

00 

•H 

00 

02 

CD 

CD 

CD 

O 

ID 

rH 

u 

Eh 

o> 

03 

rH 

i rH 

£> 

rH 

* 

CO 

C- 

CD 

13 

00 

G> 

03 

CD 

iD 

rH 

• 

« 

ft 

+ 

• 

© 

a 

05 

03 

CO 

CD 

tO 

00 

pH 

1/3 

ID 

•H 

o 

03 

r- 

to 

00 

o> 

rH 

05 

d 

Eh 

05 

03 

CO 

O 

rH 

CD 

tOj 

ID 

03 

67 

00 

CD 

CD 

o 

CD 

rH 

CD 

02 

rH 

• 

e 

« 

« 

• 

• 

• 

® 

d 

CO 

to 

CD 

(JO 

£"• 

ID 

02 

CD 

to 

to 

•H 

02 

rH 

05 

CD 

to 

03 

rH 

o 

d 

EH 

05 

03 

£> 

o 

rH 

CD 

rH 

40 

Z> 

CD 

to 

£> 

GO 

CD 

03 

to 

CD 

to 

r-H 

* 

« 

• 

<9 

<9 

• 

• 

<b 

CS5 

CD 

o- 

CD 

00 

00 

05 

*H 

03 

•H 

05 

03 

CD 

to 

CD 

C- 

flH 

rH 

d 

Eh 

05 

03 

C"- 

GO 

rH 

CD 

rH 

ID 

r- 

00 

rH 

CD 

CD 

05 

o 

CD 

CD 

CD 

02 

«| 

» 

• 

• 

• 

« 

• 

• 

ft 

•H, 

00 

CD 

rH 

Oi 

CD 

02 

05 

05 

CD 

d 

o 

02 

00 

£>- 

% 

rH 

CD 

rH 

EH 

o 

02 

E> 

rH 

0- 

rHk 

rH 

rH 

o 

DO 


•P 

•H 

© 

O 

CO 

+ 

d 

• 

d 

d 

rH 

Q 

rH 

K 

© 

© 

•H 

•HI 

>5 

o 

<73 

O 

+ 

O 

© 

+3 

d 

S 

d 

CO 

00 

d 

d 

P 

•H 

•H 

© 

© 

© 

3 

© 

rH 

rH 

-p 

d 

d 

>a 

■P 

+3 

d 

< 

fc*a 

!» 

© 

CS 

05 

d 

oj 

CO 

© 

O 

o 

Eh 

Eh 

♦H 

a 

d 

O 

© 

• 

ft 

» 

<9 

• 

© 

• 

•P 

-P 

■p 

-P 

-P 

<P 

-P 

d 

© 

«= 

■5 

3c 

p 

ter 

Method  of  Compaction  15  blows  -  4  layers  -  small  cylinder  with  5.5  lb.  rammer 


BLOWS  -  DENSITY  RELATIONS 


27 


CO 

• 

• 

CM 

44> 

TO 

1 

! 

o- 

pH 

o- 

lO 

CM 

00 

c- 

CO 

s 

r— 4 

9 

• 

9 

9 

• 

• 

9 

9 

fc»0 

© 

co 

lO 

03 

to 

03 

03 

o 

© 

•H 

rH 

o 

e> 

CO 

c- 

03 

rH 

rH 

o 

e'¬ 

Fh 

o 

t> 

rH 

co 

rH 

en 

Eh 

rH 

rH 

• 

D- 

CD 

\ 

CM 

rH 

CM 

LO 

CM 

1 

i 

00 

02 

o 

to 

to 

rH) 

9 

0 

9 

• 

• 

« 

♦ 

9 

pH 

© 

02 

CO 

LO 

CO 

CO 

03 

o 

rH 

•H 

rH 

O 

o- 

02 

yw 

0- 

03 

pH 

pH 

O 

c- 

00 

r=4 

co 

rH 

U 

Eh 

rH 

© 

u 

© 

0 

T3 

♦H 

0 

rH 

♦H 

% 

CM 

rH 

CO 

03 

CO 

03 

0- 

CM 

!>- 

o 

O 

>> 

r-4 

• 

9 

* 

«- 

9 

• 

O 

© 

CO 

03 

02 

CO 

02 

to 

03 

3 

Cm 

•H 

rH 

03 

■s> 

to 

CD 

C- 

03 

rH 

O 

<M 

u 

03 

0- 

rH 

CD 

pH 

O 

EH 

pH 

r-4 

• 

O 

-P 

=% 

> 

0> 

02 

co 

03 

CO 

to 

LO 

rH 

rH 

e 

» 

• 

• 

<* 

to 

• 

© 

** 

r- 

rH 

o- 

ao 

CO 

CM 

• 

03 

•HI 

rH 

03 

£> 

60 

CO 

CD 

o 

LO 

O 

03 

rH 

CD 

rH 

rH 

rH 

EH 

rH 

03 

40 

03 

l-H 

o 

40 

O 

c- 

03 

03 

rH 

* 

9 

• 

• 

» 

9 

•> 

® 

© 

03 

02 

CO 

rH 

CD 

03 

00 

•HI 

rH 

03 

CO 

to 

co 

CO 

03 

pH 

o 

Jh 

03 

o- 

rH 

CO 

pH 

Eh 

rH 

rH 

«  < 

o 

CO 

cm 

LO 

O 

40 

CM 

LO 

rH 

» 

o 

• 

* 

9 

« 

9 

a> 

© 

o 

03 

03 

o- 

CO 

03 

to 

p-4 

•H 

pH 

o- 

lO 

o 

in 

03 

pH 

o 

0 

03 

O- 

00 

rH 

CO 

pH 

EH 

4-3 

bO 

O 

r-4 

r=4 

pH 

•H 

• 

•H 

L. 

O 

bO 

ce 

© 

m 

* 

rQ 

© 

4P 

Sh 

O 

-P 

u 

<#H 

© 

-P 

© 

© 

s 

•H 

© 

SR 

E4 

•P 

0 

Ph 

o 

* 

0 

O 

+ 

bO 

+ 

bO 

© 

© 

1 

4J 

PQ 

ra 

?H| 

rH 

rH 

rH 

9 

0 

i 

TJ 

sS 

© 

•H 

•H 

• 

bo 

O 

>5 

<D 

o 

T3 

O 

O 

bO 

o 

O 

44S 

4=3 

pH 

a 

01 

03 

00 

5h 

•rH 

r-4 

®9 

CQ 

© 

© 

© 

TO 

93 

© 

rH 

HP 

J>i 

U 

4P 

U 

•H 

Eh 

<M 

© 

in 

© 

in 

© 

3 

© 

O 

O 

m 

P 

Eh 

p 

■3 

p 

P 

© 

© 

TO 

■P 

-P 

9 

• 

• 

• 

• 

. 

9 

•H 

03 

© 

o 

4-3 

+3 

4H 

■P 

44> 

-P 

O 

0 

S 

P 

£5 

:g: 

s 

P 

Me t h od  of  C omp act 1  on  4  layers  -  small  cylinder  -  5.5  lb*  rammer  with  varying  number 
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).  1 

Specimen  No* 

' 

FREEZING  TEST  DATA 

1  2 

3 

4 

5 

6 

Day 

Date 

Temperature 

Room°e  Water°c 

Degree 

Hours 

Rdg* 

Heave 

% 

Rdg. 

Heave 

% 

Rdg. 

Heave 

% 

Rdg. 

Heave 

i 

Rdg. 

Heave 

% 

Rdg. 

Heave 

% 

1 

Dec.  24 

-9 

+  17.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

25 

-9 

17.4 

216 

0.1 

1.7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

26 

-9 

17.0 

432 

0.25 

4.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

27 

-9 

16.4 

648 

0.50 

8.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

28 

-9 

14 

864 

6 

29 

-9.7 

10 

1097 

0.50 

8.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

30 

-9.7 

10 

1330 

8 

31 

-9.7 

9.3 

1563 

0.50 

8.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

Jan  •  1 

-9.7 

5 

17  96 

10 

2 

-10 

0 

2036 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

3 

-11 

0 

2300 

0.50 

8.3 

0.13 

2.2 

0.09 

1.5 

0.05 

0.8 

0.02 

0.3 

0 

0 

12 

4 

-11 

6.5 

2564 

0.57 

9.5 

0,16 

2.7 

0.09 

1,5 

0.05 

0.8 

0.02 

0.3 

0 

0 

13 

5 

-12 

9.5 

2852 

0.50 

10.0 

0.20 

3.3 

0.11 

1.8 

0.05 

0.8 

0.02 

0.3 

0 

0 

14 

6 

-12 

10 

3140 

0.64 

10.7 

0.23 

3.8 

0.14 

2.3 

0.05 

0.8 

0.02 

0.3 

0 

0 

15 

7 

-13 

10 

3452 

0.66 

11.0 

0.26 

4.3 

0.14 

2.3 

0.05 

0.8 

0.02 

0.3 

0 

0 

16 

8 

-26 

10 

4076 

0.68 

11.3 

0.31 

5.2 

0.14 

2.3 

0.05 

0.8 

0.02 

0.3 

0 

0 

17 

9 

-29 

10 

4772 

0.76 

12.6 

0.39 

6.5 

0.14 

2.3 

0.05 

0.8 

0.02 

0.3 

0 

0 

18 

10 

-29 

10 

5468 

0.94 

14.0 

0.47 

7.8 

0,21 

3.5 

0.14 

2.3 

0.04 

0.7 

0 

0 

19 

11 

-30 

10 

6164 

20 

12 

-31 

10 

6908 

21 

13 

-31 

9 

7654 

0.84 

14.0 

0.64 

10.6 

0.22 

3.6 

0.16 

2.7 

0.04 

0.7 

0 

0 

22 

14 

-31 

8 

8400 

23 

15 

-31 

7 

9146 

24 

16 

-30 

5 

9788 

1.20 

20.0 

0.90 

15 

0.62 

10.0 

0.20 

3.3 

0.04 

0.7 

0 

0 
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SET.  NO.  1 

FREEZING  TEST  DATA 

SPEC IMEN  NO. 

1 

2 

3 

4 

5 

6 

Cylinder  Date 

Cylinder  Number 

1 

2 

3 

4 

5 

6 

Cylinder  Diameter  ins. 

2.22 

2.22 

a  22 

2.  22 

2.  22 

2.22 

Cylinder  Height  ins. 

6.01 

6.00 

6.03 

6.01 

6.01 

5.99 

Cylinder  Volume  cu.ft. 

1/74 

1/74 

1/74 

1/74 

1/74 

1.74 

Cylinder  Weight  gms. 

226  .7 

228.1 

230.2 

225.8 

224.9 

223.0 

Composition  of  Mix 

i  gms. 

i  gms . 

T 

gms. 

gms. 

i  gms. 

gms. 

Soil 

750 

750 

750 

750 

750 

750 

Admixture 

0  0 

1  7.5 

2 

15 

4  30 

7  52.5 

10  75 

Water 

14.5  109.0 

12.0  86.0 

12 

82.5 

12.5  81.0  1 

.2  64.0 

12  53.5 

Wt.  Sample  +  Cylinder  Start  g. 

1001.4 

978.2 

986.7 

996.8 

978.7 

939.8 

Wt.  Sample  Start  g. 

774.7 

750.1 

756.5 

771.0 

753.8 

716.8 

Wt .  Sample  +  Tare  End  g. 

1318.5 

1321.4 

1286.0 

1267.0 

1245.0 

1213.4 

Wt.  Dry  Sample  +  Tare  g. 

1136.3 

1128.6 

1142.2 

1148.0 

1141.3 

1123.8 

Wt .  Tare  g. 

461.3 

463.4 

470.1 

462.3 

463.5 

463.9 

Wt.  Sample  End  g. 

857.2 

858.0 

815.9 

804.7 

781.5 

749.5 

Wt.  Dry  Sample  g. 

675.0 

665.2 

672.1 

685.7 

677.8 

659.9 

Wt.  Moisture  Start  g. 

99.7 

84.9 

84.4 

85.3 

76.0 

56.9 

Wt.  Moisture  End  g. 

196.3 

192.8 

143.8 

119.0 

103.7 

89.6 

Moisture  Start  % 

14.8 

12.7 

12.5 

12.4 

11.2 

8.6 

Moisture  End  % 

29.7 

29  .0 

21.4 

17.3 

15.3 

13.5 

Initial  Degree  Saturation  % 

73 

62 

61 

65 

56 

41 

Final  Degree  Saturation  % 

93 

99 

81 

82 

75 

64 

Initial  Dry  Density  lbs/cu.ft. 

107.8 

108.3 

109.3 

111.8 

110.3 

107.5 

Specific  Gravity  Soil 

2.74 

2.74 

2.74 

2.74 

2.74 

2.  74 

Distance  to  Frozen  Soil  from 
Bottom  of  Cylinder  ins. 

0 

0 

0.35 

0.8 

1.25 

- 

Total  Heave  % 

20.0 

15.0 

10.0 

3.3 

0.7 

0 

Air  Temperature  Start  Heave  °c 

-  9° 

-11° 

-11° 

-11° 

-11° 

- 

Remarks 

Humidity 
are  low. 

of  refrigerator  was  very 
This  applies  particularly 

low  so  that 
to  specimen 

final  moisture 
No.  1. 

contents 

I  . 
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SET  NO .  2 

1_ Sa.e&lmsrLJl&» 

FREEZING  TEST  DATA 

—8,  

10 

11 

30 

12 

Temperature 

Day  DateRoom°c  Water°c 

Degree 

Hours 

Net 

Rdg.  Rdg. 

Heave 

% 

Net 

Rdg.  Rdg. 

Heave 

% 

Rdg. 

Net 

Rdg. 

Eeave 

% 

Rdg. 

Net 

Rdg. 

Heave 

%  Rdg. 

Net 

Rdg. 

Heave 

% 

Net 

Rdg. Rdg. 

Heae 

% 

1  Jan. 

28  -10 

+14 

0 

6.00  0 

0 

6.18  0 

0 

6.11 

0 

0 

6.20 

0 

0 

6.17 

0 

0 

6.20  0 

0 

2 

29  -10 

+  16 

240 

3 

30  -10 

+  18 

480 

6.00  0 

0 

6.18  0 

0 

6.11 

0 

0 

6.20 

0 

0 

6.17 

0 

0 

6.20  0 

0 

4 

31  -12 

+19 

720 

5  Feb. 

1  -14 

+19 

1008 

6 

2  -14 

+19 

1344 

5.88  .12 

2 

6.18  0 

0 

6.10 

.01 

.2 

6.20 

0 

0 

6.17 

0 

0 

6.20  0 

0 

7 

3  -15 

+19 

1680 

8 

4  -15 

+  19 

2040 

5.64  .36 

6.0 

6.19  0 

0 

6.04 

.07 

1.2 

6.18 

.02 

.3 

6.17 

0 

0 

6.20  0 

0 

9 

5  -20 

+19 

2400 

5.12  .88 

14.6 

6.18  0 

0 

6.01 

.10 

1.7 

6.18 

.02 

.3 

6.17 

0 

0 

6.20  0 

0 

10 

6  -20 

+18 

2880 

4.83  1.17 

19.5 

5.99  .19 

3.2 

5.86 

.25 

4.1 

6.17 

0 

0 

11 

7  -25 

+15 

3360 

12 

8  -30 

+12 

3960 

4.45  1.55 

25.8 

5.94  .24 

4.0 

5.82 

.29 

4.8 

6.17 

.03 

.5 

6.17 

0 

0 

6.20  0 

0 

13 

9  -30 

+  11 

4680 

14 

10  -31 

+10 

5400 

4 . 15  1.85 

30.8 

5.94  .24 

4.0 

5.77 

.34 

5.6 

6.17 

.03 

.5 

6.17 

0 

0 

6.20  0 

0 

15 

11  -30 

+  9 

6148 

16 

12  -30 

+  8 

6868 

17 

13  -30 

+  6 

7588 

3.89  2.11 

35.1 

5.59  .59 

9.8 

5.63 

.48 

8.0 

6.16 

.04 

.7 

6.17 

0 

0 

6.20  0 

0 

18 

14  -30 

+  5 

8308 

19 

15  -30 

+  4 

9028 

20 

16  -30 

+  4 

9748 

21 

17  -30 

+  3.5 

10468 

3.80  2.20 

36.6 

5.57  .61 

10.3 

5.60 

.51 

8.5 

6.16 

.04 

.7 

6.17 

0 

0 

6.20  0 

0 
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SET  NO.  2 

FREEZ ING 

TEST  DATA 

SPECIMEN  NO. 

7 

8 

9 

10 

11 

12 

CYLINDER  DATA 

Cylinder  Number 

1 

2 

3 

4 

5 

6 

Cylinder  Diameter  Ins. 

2.22 

2.22 

2.22 

2.22 

2.22 

2.22 

Cylinder  Height  ins. 

6.01 

6.00 

6.03 

6.01 

6.01 

5.99 

Cylinder  Volume  cu.ft. 

1/74 

1/74 

1/74 

1/74 

1/74 

1/74 

Cylinder  Weight  g. 

226.7 

228.1 

230.2 

225.8 

224.9 

223.0 

Composition  of  Mix 

%  gms. 

%  gms. 

%  gms. 

%  gms 

.  %  gms. 

%  gms. 

Soil 

750 

750 

750 

750 

750 

750 

Admixture 

0  0 

1  7.5 

2  IS 

4  30 

7  52.5 

10  75 

Water 

14.5  109.0 

12  86.0 

12  82.5 

12.5  81 

.0  12  64.0 

12  53.5 

Wt. Sample  +  Cylinder  Start  g. 

998.8 

985.7 

990.5 

1007.0 

1013.0 

990.9 

Moisture  Content  % 

14.8 

12.7 

12.5 

12.4 

11.2 

8.6 

Wt.  Sample  at  Start  g. 

772.1 

757.6 

760.3 

781.2 

788.1 

767.9 

Dry  Wt.  Sample  g. 

672.0 

673.0 

676.0 

694.0 

707.0 

707.0 

Initial  Dry  Density  lbs. /cu.ft 

.  109.8 

109.9 

110.2 

113.1 

115.3 

115.3 

Initial  Degree  Saturation  % 

73 

64 

63 

67 

64 

50 

Wt. Partial  Sample  +  Tare  End  g 

.  1054.0 

1015.0 

1203.0 

1224.0 

1252.9 

1230.0 

Wt.  Tare  g. 

469.9 

257.5 

463.1 

449.3 

461.1 

462.3 

Wt.  Dry  Sample  +  Tare  g. 

898.7 

867.1 

1066.5 

1069.4 

1153.8 

1141.6 

Wt.  Dry  Sample  g. 

428.8 

609.6 

603.4 

620.1 

692.7 

679.3 

Wt.  Water  g. 

155.3 

147.9 

136.5 

154.6 

99.1 

98.4 

%  Moisture 

36.2 

24.2 

22.6 

24.9 

14.3 

14.5 

Specific  Gravity  Soil 

2.  74 

2  74 

2.74 

a  74 

2.  74 

2.  74 

Distance  to  Frozen  Soil  from 

Bottom  of  Cylinder  ins. 

1.38 

1.63 

1.76 

- 

- 

" 

Total  Heave  % 

36.6 

10.3 

8,5 

0.7 

0 

0 

Air  Temp.  Start  Heave  °c 

-14 

-20 

-15 

-15 

- 

- 

Remarks  -  Part  of  the  soil  in 

each  specimen 

was  lost  while  removing  from  box. 

Initial  moisture  contents 

are  assumed. 
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CONSOLIDATION  TEST 


January  9th,  1947* 


Sample 

Barrier 

Silt 

Ring  #8  Data 

Mach. Mult. 

100 

Wt. 

968.75  gms. 

Wt.  R+S+W 

(  Start ) 

1097.50 

gms. 

A. 

3.94  sq.  in 

Wt.  R+S+W 

(End) 

1098.72 

gms. 

Thick. 

1.01  in. 

Wt.  T+S 

200*28 

gms  • 

Vol. 

3.98  cu.in 

Wt.  T 

87.85 

gms. 

S 

112*43 

gms. 

Wt. 

Start 

14.5 

Block  ) 

End 

15*6 

Stone  ) 

354.6  gms. 

Ball  ) 

Hs 

0.636 

in . 

s 

3.5  gms.  on  ] 

Sg 

2.74 

e  (Start) 

0*587 

Time 

Dial  © 

in* 

Unit 

Pressure 

p.  s. i. 

Tim© 

Unit 

Dial  ©  Pressure 

in.  p « s  *  i  * 

10  gms* 

100  gms*  (cont’d) 

0 

.9090 

1 

m 

.8884 

6  s 

2 

m 

.8881 

10  s 

m 

4 

m 

*8880 

15  s 

*9084 

8 

m 

.8878 

30  s 

*9083 

15 

m 

.8876 

1  m 

.9083 

30 

m 

*887  4 

Water 

Bot  tom 

66 

m 

*8871 

2  m 

*9077 

367 

m 

*8870 

4  m 

.9077 

48.5 

h 

,8852  0*555  4.64 

8  m 

.9077 

15  m 

.9069 

500  gms. 

30  m 

a  9069 

2 

s 

,8700 

115  m 

.9069 

6 

3 

18  h 

.9068  0*585 

0.616 

10 

3 

*8621 

15 

a 

.8675 

50  gms* 

30 

s 

,8673 

6  s 

.8995 

1 

m 

.8670 

10  s 

.8987 

2 

m 

.8669 

15  s 

.8985 

4 

m 

.8668 

30  s 

*8982 

8 

m 

.8663 

1  m 

,8978 

15 

m 

.8661 

2  m 

*8976 

30 

m 

.8660 

4  m 

.8973 

63 

m 

.8658 

8  m 

.8972 

126 

m 

.8657  0.520  22.5 

15  m 

,8971  0.570 

2.41 

2000  gms , 

100  gms. 

2 

s 

.8644 

6  s 

*8895 

4 

3 

.8559 

10  s 

.8892 

6 

3 

.8553 

15  s 

*8890 

8 

3 

.8528 

30  s 

,8887 

10 

3 

.8524 
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Consolidation  Test  - 


Time  Dial 

in. 


Barrier  Silt  (Pape  2) 

~  “  "Unit 

e  Pressure 

P«  S  a  j  . 


2000  gms.  (cont'd) 


12 

s 

.8522 

14 

s 

.8520 

30 

s 

.8518 

1 

m 

.8514 

2 

m 

.8512 

4 

m 

.8509 

8 

m 

.8507 

15 

m 

.8505 

89.6 


Permeability  Data 
(For  2000  gm.  load) 

a„  -  45  x  10  "5  sq.in. 

v  "TEsT" 

t  6.0  s 

em  s  0.507 

IT  =  0.48  in 

T  s  0.845  „ 

K  s  0.93  x  10*^  cm. 

— — — — - - - a  ec . 


- 


r  i  X 
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CONSOLIDATION  TEST 


January  7th,  1947. 


Sarrgple 

Barr  1  er 

Silt 

Ring  Data 

Mach.  Mult. 

80 

Wt.  R+S+W  (Start! 

) 1098*36 

gms  • 

Wt. 

986.60 

gms. 

Wt,  R+S+W  (End) 

1098.90 

gms  . 

A. 

3.94 

sq.  in 

Wt.  R+S 

1081.98 

gms. 

Diam. 

2.24 

in. 

S 

113.38 

gms. 

Thick. 

1.01 

in. 

(Start) 

14.4 

% 

Vol  * 

3.98 

cu.  in 

(End) 

14.9 

% 

Wt. 

HS 

0.64  in 

• 

Block 

) 

Ss 

2.74 

Stone 

) 

302 

gms . 

e  (Start) 

0.579 

Ball 

) 

3.77  gms.  on  pan 


Time 

Unit 

Dial  e  Pressure 

in .  p .  s .  i  * 

Tim© 

Dial  © 

in. 

Unit 

Preasur  © 
p. s. i. 

10  gms . 

200  gms. 

0 

.8757  0.579 

2 

a 

.8682 

6  s 

.8705 

4 

s 

.8680 

15  s 

.8704 

6 

s 

.8679 

30  s 

.8704 

8 

3 

.8678 

1  m 

.8704 

10 

8 

.8677 

Wat  er 

Bottom 

12 

8 

.8676 

2  m 

.8706 

15 

8 

.8676 

4  m 

.8707 

20 

S 

.8675 

Wat  er 

Top 

30 

3 

.8675 

8  m 

.8710 

1 

m 

.8674 

15  m 

.8712  0.571  0.616 

2 

m 

.8673  0*565 

9.12 

50  gms. 

1000  gms. 

2  s 

.8704 

1 

s 

.8610 

4  s 

.8703 

2 

s 

.8602 

6  s 

,8702 

4 

s 

.8594 

8  s 

.8702 

6 

8 

.8591 

10  s 

.8702 

8 

3 

.8590 

12  s 

.8702 

10 

8 

.8589 

15  s 

.8702 

12 

3 

.8588 

20  s 

.8702 

15 

8 

.8588 

30  s 

.8702 

20 

8 

.8585 

1  m 

.8702 

30 

3 

.8583 

2  m 

.8702  0.570  2.41 

1 

m 

.8582 
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Consolidation  Test  -  Barrier  Silt  (Page  2j 

.  “  “  Unit  ’ 

Tim©  Dial  e  Pressure 

in.  p.s.i. 


1000  gms . 

( cont f d) 

2 

m 

.8581 

0.561 

45.05 

4 

m 

.8581 

8 

m 

.8580 

15 

m 

.8579 

30 

m 

.8578 

0.550 

45.05 

4082  gins 

2 

s 

.8498 

0*538 

4 

s 

.8480 

6 

s 

.8460 

8 

s 

.8450 

10 

s 

.8445 

12 

s 

.8443 

15 

s 

.8442 

20 

s 

.8441 

30 

s 

.8440 

1 

m 

.8438 

2 

m 

.8435 

0.528 

183 

4 

m 

.8432 

12, 

>  5m 

.8425 

0.526 

15 

m 

.8423 

P  er  raeab  11  it  y_Dat  a_ 

TFor  4082  gm.  load) 

•  17.9  x  10 "5  sq .In. 

~tb ” 


T  =  0.845 

t  =  6.4  s 


Hm 

K 


0*538 
0.49  in. 

0.34  x  10 cm 
— - — - — sec. 


- 

;u 

.  . r.  .  .ni 


•  .  X  , 

-  :  -  * 

* 

.  * 

.  .  ..  , 

a 

:  o* 

a 

. 

;;  r 

.  ■  * 

V  « 

A-' 

. 

...  * 

, 

, 

■ 

_  '  -  •  •  •  i  . 

.  ““  £  .-■  -  . 

- 

« 

8  >  .  ■ 

- 

• 

•  . 

38 


CONSOLIDATION  TEST  January  10th,  1947. 


Sample 

Barrier 

Silt+10^  Lieu  or 

Mach.  Mult . 

50 

Wt.  R+S+W  (Start) 

1087.30 

gms.  Ring  Data  #9 

Wt.  R+S+W  (End) 

1086.22 

gms .  Wt . 

"952.75  gms. 

Wt.  T+S 

211.28 

gms.  A 

3.94  sq.  in. 

Wt.  W+T 

97.81 

gms .  Thick 

1.01  in. 

s 

113.47 

gms.  Vol. 

3.98  cu.in. 

W#  Start 

18.6 

% 

W#  End 

17.6 

%  wt . 

Block 

) 

Hs 

0.645  in.  Stone 

)  375  gma . 

Sg 

2.74 

Ball 

) 

e  (Start) 

0.566 

=  75  gms.  on  pan 

Unit 

Unit 

Time 

Dial  e 

Pressure  Time 

Dial  e  Pressure 

p .  s  •  i  i 

9 

_  s .  i. 

lb'  pirns. 

1000  gms.  (cont*d) 

0 

.984  4 

12  8 

.9705 

6  s 

©9844 

15  3 

.9705 

1  m 

.9843  0.566  0.49 

30  s 

.9703 

1  m 

.9702 

2  s 

50  gms . 

.9841" 

2  m 

4  m 

.9699 

©9694  0*543  28.20 

6  s 

.9841 

1  m 

.9841  0. 

566  1.61 

2  s 

4000  gms* 

.9620 

200  gms. 

4  3 

.9555 

2  s 

.9838 

6  3 

.9524 

4  3 

.9822 

8  a 

.9520 

6  3 

.9820 

10  a 

.9519 

8  s 

.9819 

12  s 

.9518 

10  s 

.9819 

15  s 

.9517  ®m=  0.527 

12  s 

.9819 

30  a 

.9515 

15  3 

.9818 

1  m 

.9511 

30  a 

.9818  0. 

562  5.80 

2  m 

©9504 

4  m 

.9499 

1000  gms. 

8  m 

.9494 

2  8 

.9712 

15  m 

.9489  0.512  112.3 

4  3 

.9708 

6  s 

.9706 

8  3 

.9706 

10  s 

.9706 

Permeability  Data 

(For  4000  gm.  load) 

av  * 

38 .8  x  10  ^  so  •  m . 

lb. 

t  = 

4.7  s 

0.527 

Hm  = 

0*49  in. 

K  = 

1.01  x  10 cm. 
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Trlaxial  Compression  Teat  -  Barrier  Silt  (Page  3) 
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VI 

RESULTS 

The  experimental  results  will  be  presented  in 

the  same  order  as  the  data* 

1*  Grain  Size  -  see  Figure  5* 

The  material  was  found  to  be  a  silt  with  the 

following  grain  size  distribution: 

15$  finer  than  0*005  mm*  (clay) 

65$  finer  than  0*05  mm,  and 

coarser  than  0*005  mm,  (silt) 

20$  coarser  than  0*05  mm*  (sand) 

34$  finer  than  0*02  mm. 

The  slope  of  the  curve  indicates  a  fairly  uni** 

form  soil, 

2 ,  Specific  Gravity  Determination 

The  specific  gravity  of  the  solids  was  deter*- 
mined  to  be  2.74* 

3*  Density  Tests  •*  See  Figure  2. 

(a)  The  standard  proctor  density  of  the  silt 
was  determined  t  o  be  110  #/cu.ft*  at  a  moisture  content  of 
14.5$, 

(b)  With  increasing  amount  of  admixture,  the 
standard  density  increased  and  the  optimum  moisture  content 
decreased,  Hogent ogler ^ ^  reports  similar  results. 

(c)  Silt  compacted  at  14.5$  moisture,  but  with 
from  two  to  ten  per  cent  admixture,  showed  a  decrease  in 
density  of  approximately  fifteen  per  cent. 
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4#  Freezing  Tests  -  see  Figures  6  to  10 

The  following  general  results  were  obtained  for 
the  si  It  us  ed  $  - 

(a)  The  maximum  heave  recorded  was  36.6$* 

Figures  9  and  10  show  the  ice  lenses  in  the  silt  sample. 

(b)  The  use  of  lignosol  as  an  admixture  reduced 
the  amount  of  heave,  the  addition  of  four  per  cent  liquor 
eliminating  approximately  ninety  per  cent.  Samples  contain¬ 
ing  ten  per  cent  admixture  showed  no  signs  of  heaving. 

(c)  Samples  that  did  not  contain  lignosol 
started  heaving  at  a  higher  air  temperature  than  those  that 
did. 

5*  Atterberg  Tests  -  see  Figure  11. 

(a)  Silt  alone  -  liquid  limit  18.6$ 

flow  index  4.7 
plasticity  index  0 

(b)  Silt  plus  10$  lignosol  -  liquid  limit  16.8$ 

flow  index  4.5 
plasticity  index  0 

6*  Consolidation  Tests  -  see  Figures  12  to  17 

(a)  Silt  alone  -  compressive  index  -  0.049 

*■>0 

permeability  (4000  g.)  -0 .34x10  c’m/sec. 

(b)  Silt  plus  10$  lignosol  -  compressive  index  -0.070 

—6 

permeability  (4000  g.)  -  1.01x10  cm/sec. 
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7,  Triaxial  Compression  Tests  -  see  Figures  18  and  19 

(a)  Silt  alone  -  angle  of  internal  friction  (0)=4Q° 

cohesion  3  0,24  kg/cm^ 

(b)  Silt  plus  A.%  lignosol 

-  angle  of  internal  friction  (0)34O° 
cohesion  =  0.25  kg/cmS 

The  values  of  the  angle  of  internal  friction  ob¬ 
tained  in  these  tests  checked  with  measurements  of  the 
specimens*  Photographs  of  these  specimens  are  shown  in 
Figures  20  and  21, 
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VII 

DISCUSSION 

The  maximum  heave  obtained  in  this  test  was  only 

( 18 ) 

about  half  the  maximum  obtained  by  Wihn  and  Rutledge'  . 

This  discrepancy  is  due  to  a  lack  of  good  temperature  con¬ 
trol,  or  use  of  a  different  soil,  or  both.  However,  the 
heaves  recorded  are  great  enough  to  indicate  conclusively 
that  lignosol  does  reduce  frost  heaving  in  this  soil. 

There  are  two  possible  explanations  for  the  action 
of  the  liquor  in  reducing  this  heaving.  They  are:- 

(a)  A  lowering  of  the  freezing  point  of  the 
soil  moist ure« 

(b)  A  reduction  in  the  capillary  forces  due  to 
the  wetting  properties  of  the  lignosol. 

It  i  s  believed  by  the  authors,  that  both  are 
applicable  in  this  case. 

The  results  of  this  investigation  indicate  that 
lignosol  may  have  value  in  reducing  frost  he  avir^  in  high¬ 
ways  and  airports.  Its  use  in  practice  however,  would  de¬ 
pend  on  several  considerations. 

First,  the  comparative  cost  of  this  method  to 
other  methods  currently  employed.  If  4 %  liquor  was  used, 
the  approximate  cost  of  the  liquor  would  be  #1.00  per  yard 
of  soil.  Whether  this  would  be  economical  or  not  would  de¬ 
pend  on  the  particular  job.  In  most  cases  however,  the 
methods  used  at  present  involve  a  cost  of  far  more  than  this. 

Secondly,  the  length  of  time  the  lignosol  can  be 
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expected  to  be  effective.  The  most  important  use  of  an  ad¬ 
mixture  to  deter  frost  action  would  be  for  treating  the  sub- 
grades  of  highway  and  airport  pavements.  When  used  for  this 
purpose,  it  is  likely  that  the  admixture,  although  soluble 
in  water,  would  not  be  leached  out  because  of  the  protection 
given  by  the  pavement.  This  would  have  to  be  verified  by 
field  trials. 

Thirdly,  probable  methods  of  application.  The 
application  of  liquor  to  new  fills  presents  no  serious 
difficulty.  Because  it  is  soluble  in  water  and  readily 
mixed,  it  could  be  applied  directly  by  spraying  the  borrow 
pit  or  the  fills  This  would  be  most  advantageous  if  the 
soil  was  initially  in  a  dry  state.  If  the  soil  is  already 
in  place,  the  lignosol  could  still  be  added  by  spraying.  It 
is  possible  that  the  admixture  would  permeate  the  soil 
sufficiently  to  prevent  frost  action.  Some  reworking  of  the 
soil  in  place  might  be  necessary  if  spraying  alone  was 
found  to  be  inadequate. 

The  standard  optimum  density  of  the  silt  alone  is 
110  lbs.  per  cu.ft.  at  a  moisture  content  of  14. 5$ •  With 
the  addition  of  this  admixture,  the  optimum  density  increases, 
the  optimum  moisture  decreases,  and  the  curves  become  steeper 
as  shown  in  Figure  2»  It  is  to  be  noted  that  moisture  con¬ 
trol  is  very  important  with  soil  containing  admixture.  With 
good  moisture  control,  the  lignosol  gives  higher  densities 
than  may  be  obtained  with  the  silt  alone.  On  the  other  hand, 
soil  containing  admixture  and  compacted  at  14.5$  moisture 
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gives  a  density  approximately  15$  less  than  that  obtained 


with  silt  alone 
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CONCLUSIONS 


1*  Lignosol  deters  frost  action  on  the  soil 

test  ed. 


2*  It  has  a  marked  effect  on  the  compaction 
properties  of  this  soil. 

It  does  not  appreciably  change  the  plasticity 

of  this  soil. 


4a  It  does  not  change  the  consolidation  character¬ 
istics  or  the  permeability  of  this  soil* 

5*  It  does  not  alter  the  shearing  strength  of 

this  soil* 

6*  The  results  of  t  his  study  are  sufficiently 
encouraging  to  warrant  further  laboratory  and  field  in¬ 
vestigation. 
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RECOMMENDATIONS  FOR  FURTHER  STUDIES 

Further  investigation  is  necessary  to  determine 
the  practical  use  of  lignosol  in  deterring  frost  action  in 
highway  and  airport  subgrades. 

It  is  the  opinion  of  the  authors  that  this  work 
sho  uld  inc 1 ude : - 

1*  A  laboratory  study  of  the  effect  of  lignosol 

in  deterring  frost  action  In  a  wide  range  of  susceptible 

soils.  Improved  methods  of  temperature  control  would 

facilitate  obtaining  conclusive  results.  Refrigeration 

( 18) 

equipment  similar  to  that  used  at  Purdue'  '  is  recommended. 

2*  A  comparative  study  of  the  effect  of  calgon 
and  other  wetting  agents  when  used  as  admixtures  in  these 
same  soils. 

If  some  of  these  other  wetting  agents  were  also 
effective  in  reducing  heaving  in  soils,  an  economic  compari¬ 
son  could  then  be  made.  In  this  connection,  the  possibility 
of  separating  the  effective  constituents  of  lignosol  should 
be  c  onsidered. 

3 »  Field  tests  to  confirm  laboratory  results. 
These  field  tests  should  cover  the  same  wide  range  of  soils 
susceptible  to  frost.  The  duration  of  the  effectiveness  of 
the  admixture  should  be  determined  in  these  tests.  Experi¬ 
ments  in  spraying  and  mixing  of  the  soil  should  also  be 


conduct  ed . 


_ 


.  ;  -  ■ '/  J3  ■  • :  '  :  bn  '•  -  *•.  '  l;.1 

-  :  •  ..  . , •  - 

t 

"  £tv  :  o  r*t  :<r/  •  1 1  •  ■ 

»el 

.  •  •/  W  r,.lr  :  r.-  •  .  •;  ,-'v 

-  > 

■  '  •  •  r-  '  /•  r-r  r 

, 

«  ■  -■  •  .  ■  " 

.  ’  r 

*  ’  ■ 

•  *) 


69 


X 

ACKNOWLEDGEMENTS 

The  authors  wish  to  express  their  sincere 
appreciation  to:~ 

Professor  R.  M.  Hardy,  for  his  suggestions  and  advice 
throughout  the  course  of  the  investigation. 

Calgary  Power  Company,  for  supplying  the  test  soil. 

Gaspesia  Sulphite  Co*  of  Chandler,  Quebec,  for  supplying 


the  lignosol 


-  i  o  T  ; :  ■  ■  -  .  ;:‘ 

-f  ■:  :  *  ,  «  :  *  ' 

.  •  C  '  "  1 

* 


Top. . 


70 


XI 

BIBLIOGRAPHY 


1.  Arnold,  F.P.  -  "Frost  Breaks  in  Macadam  Roads  Due  to 

Inadequate  Drainage",  Eng.  News -Record,  V.  29, 

11  -  15  -  17. 

2.  Benkelman,  A.C.  and  Olmstead,  F  .R .  -  "A  New  Theory  of 

Frost  Heaving",  Proc.,  Highway  Research  Board, 

V.  11,  pt.  1,  pp.  152-177,  1932. 

3.  Beskow,  Gunner  -  "Prevention  of  Detrimental  Frost  Heave 

in  Sweden",  Proc.,  Eighteenth  Annual  Meeting, 
Highway  Research  Board,  pt .  2,  p.  366,  1938. 

4.  Bouyoucos,  G.J.  and  McCool,  M.M.  -  "The  Correct  Explana¬ 

tion  for  the  Heaving  of  Soils,  Plants,  and  Pave¬ 
ments",  Journal  of  American  Society  of  Agronomy, 

V.  20,  pp.  480-491,  1928. 

5.  Casagrande,  A.  -  "Discussions  on  Frost  Heaving",  proc. 

Highway  Research  Board,  V.  11,  pp.  168-172,  1932. 

6.  Engineering  News -Record  Survey  -  "Heavy  Frost  Damage  to 

Roads  Follows  Open  Winter”,  Eng.  News-Record, 

V.  100,  p.  668,  1928. 

7.  Harrington,  E.L.  -  "Soil  Temperatures  in  Saskatchewan", 

Soil  Science,  V.  25,  p.  183,  1928. 

8.  Hogentogler,  C.A.  -  "Engineering  Properties  of  Soil", 

pp.  127-157,  1937. 

9.  Jurgen son,  L.  -  "Field  Test  for  Identification  of  Soils 

Capable  of  Frost  Heaving",  Proc.  International 
Conference  on  Soil  Mechanics  and  Foundation  Engin¬ 
eering,  V,  2,  1936. 


:;<>  •  -  i  '  J  ;  s  .  .  •  ,,  '  l  •'•'• 


r  ..  .  ;  -  t  : 

-  ■ :  ■  •  f?  ■'  ■  <t  • 

.  *  •  *  '  •  •  '• 

.  -  .  y :  f.M.  ■  -:r:  "  •’  i 

.  ,  o :  •  y  *  .  "  t  r  f  - 

.  r  •  <  i_ .  ;  .  -  r  :  •  •  y  "  v. '  j 

i  {  ■  :  - 

-  * 

- 

t  «■_:  C 

.  f  <  '  •  .  j  <■  oi  . 


’>  *  Of 


i  r 


, 

I..’-'. 


'IL' 


71 


10*  Krynine,  D.P.  -  "Soil  Mechanics",  pp.  77  -  84,  1941. 

11.  Morton,  J.O.,  Tremper,  B. ,  Stokstad,  U.L.,  and 

Casagrande,  L.  -  "Prevention  of  Detrimental  Frost 
Heave",  Proc.  Highway  Research  Board,  pt .  2,  1938. 

12.  Mullis,  I.B.  -  "Illustrations  of  Frost  and  Ice  Phenb- 

mena" ,  Public  Roads,  V.  11,  n.  4,  1930. 

13.  Osterberg,  J.O.  -  "A  Survey  of  the  Frost  Heaving  Pro¬ 

blem",  Civil  Engineering,  V.  10,  No.  2,  pp.  100- 
102,  1940. 

14.  Rowat,  R.M.  -  "Control  of  Frost  Heave",  Proc.  Highway 

Research  Board,  V.  19,  p.  464,  1939. 

15.  Taber,  Stephen  -  "Frost  Heaving",  Journal  of  C-eology, 

V.  37,  pp.  428-461,  1929. 

16.  Taber,  Stephen  -  "Freezing  and  Thawing  of  Soils  as 

Factors  in  the  Destruction  of  Road  Pavements", 
Public  Roads,  V.  11,  pp.  113-132,  1930. 

17.  Taber,  Stephen  -  "Discussion  on  Fro3t  Heaving",  Proc. 

Highway  Research  Board,  V.  11,  pp.  173-177,  1932. 

18.  Winn,  H.F.  and  Rutledge,  P.C.  -  "Frost  Action  in  High¬ 

way  Bases  and  ^ubgrades",  Eng.  Bulletin  of  Purdue 
University,  No.  73,  1940. 


